Ill 

II 


III 

1 


llllilil 
III 


nil 


llllll 


Hill 


nil mil 

1 


mil nil 


iiiiiiiiiiiiii 


llllilil 

1 


Hill 


III 


US0O5354317A 



United States Patent [19] [ii] Patent NumbeR 5,354,317 

Alt [45] Date of Patente Oct 11, 1994 



[54] APPARATUS AND MEraOD FOR CARDUC 
PACING RESPONSIVE TO PATIENT 
POSmON 

[75] Inventon £ckhard Alt» Ottobnmn, Fed. Rep. of 
Germany 

[73] Assignee: Iiitennedics» I11&, Angleton, Tex. 

[21] AppLNo.: 8^,166 

[22] Filed: Apr. 3, 1992 

[51] IntCL' A61N 1/365 

[52] UACL 607/19; 128/782 

[58] Fidd of Seaidi 128/419 PO, 421, 782 

[56] RefcfGDces Cited 

U.S. PATENT DOCUMENTS 

4,771.780 9/1988 Sholdcr 128/419 PO 

4,846,195 7/1989 Alt 128/782 

4.886.064 12/1989 Strandberg 128/419 PG 

5,014,700 5/1991 Alt 607/19 

5,031,618 7/1991 Mullett 128/421 

5.074302 12/1991 Poore et aL 128/419 PG 

Primary Examiner^WUMam E. Kanim 
Attorney, Agent, or Ffrm—0*CoxmoTj Cavanagh 

[57] ABSTRACT 

An implantable variable rate cardiac pacemaker ad2^t- 
ive to patient ezerdse has a sensor re^Kmsive to eadi of 



several preselected different static physical positions of 
the in4>lant patient to produce dectrical ou^ut signals . 
nniqudy representative of the different physical posi- 
tions. The pulse generator of the pacemaker is respon- 
sive to each output ^gnal of the sensor to generate 
pacing pulses at a rate different from the rates generated 
in response to each of the other output signals of the 
sensor, so that each preselected different physical posi- 
tion has its own representative pacing pulse rate for 
stimulation of the patient* s heart The generator in- 
cludes a rate control section adapted to respond to a 
change by the implant patient from one preselected 
physical position to another by producing a predeter- 
mined pattern of transition from the rate representative 
of the old position to the rate representative of the new 
po^on. In circumstances where the old position h a 
supine, reclining or prone position and the new position 
is standing, the rate control is effected to cause a transi- 
tion from the old rate (for lyiqg or seated redining 
portion) to the new rate (for the standhig position) by 
first abruptiy hicreashig the rate to a magnitude substan- 
tially exceeding the desired new rate and then gradually 
reducing the magnitude to the new rate. In other posi- 
tion changes, a smooth transition is effected between 
the did and new rates. 

13 Oafans, 4 Drawing Sheets 
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ances are unrelated to physical exercise, but affected the 

APPARATUS AND METHOD FOR CARDIAC heart rate when early accelerometer-typc detectors 

PACING RESPONSIVE TO PATIENT POSmON were utilized for control of the pacemaker stunulation 

rate. The "378 patent and other prior art sources, such as 

BACKGROUND OF THE INVENTION 5 Proceedings of the European Symposium on Cardiac 

The present invention relates generally to implan^ Pacing, editorial Group, pp. 786 to 790, Madrid, 198S, 

able cardiac pacemakers, and niore particularly to a Bioimedizinisdie Tecfanik, 4, pp. 79 to 84^ 1986, 

pacemaker which is responsive to a change in the posi- assumed that the maximum accderatton vahies detected 

lion or posture of the patient to stimulate the patient's by an activity-controlled cardiac pacemaker in a patient 

heart at a pacing rate which is appropriate to that posi- undergoing exercise occur in the range of the resonant 

, tion. frequency of the major body compartments such as the 

' In recent years a number of intrinsic and extrinsic thorax and the abdomen, at approximately 10 Hz 

parameters which undergo change acceding to states (hertzX and that the fnarim^im senstivity should be m 

of rest and of physical exercise by the individual have the range above 10 Hz. 

been proposed for use in controlling the rate at which xj.S. Pat No. 4,926,863 (the "*863 patent**), the 

the individual's heart is to be stimnlated by an implanted applicant herein teaches that detection of the seeder- 

artificial cardiac pacemaker. The intent is that the pa- ometer or activity signal in a frequency range below 10 

tienfs heart rate should be ad^ted to the state of true Hz, and indeed, preferably below approximately 4 Hz is 

exerdse (or rest) of the patient, simulating the intrinsic actually highly indicative of true physical exerdse by 

heart rate ofahealtiiy person with a normal ftmctioning 20 the patient Moreover, restriction of detection signal 

heart who is undergoing the same conditions of exercise frequencies to that range discriminates ag^nst and 

^^Jf^ , . , . avoids undesirable response to disturbances external 

Most recOTtiy, excrose-re^KM^ve paco^kers have .nd internal to the body. As a result, the effect of dis- 

been advanc^ and devdo^ which take advantage of turbanccs unrelated to exercise can be significantiy 

smip^ and mexpensive activity or m^on sensors for 23 sapprcaseddurh^guaeof amechanodectrica]^ 

control of pacmg rate. It was suggested sev^al years transduo^ to control the pacing rate, 

ago to convert mechanical forces, accelerations and »a«°!o^ mJ^II;^^ v^a 

Assures into electrical energy a^or signals for use in ^.T^^J?^* ^ ^P^*"?^ 

biomedical technology. One of the earl^Ttechniques a^vitynsei^ed arising from ^erc^ such as 

proposedinthepate^tKteraturewastDgene^dStri- 30 "^^^^^^^^^.f^ 
ad from^ezoelectric crystals a^d otiier mecha- rhytimuc motion of the body m die k>w-frequency 

nodectrical converters responsive to movement of the JJ^f ^ 1 0 Hz ami prmapaUy below 4 H^ In con- 
individual to power a device implanted m the individ- sudden spaanodic movements unrelated to true 
ual, as disck)sed, for example, in U.S. Pat Nos. metabolic exercise produce ampHtude maxima in tiie 
3,639,613 and 3,456,134. In Journal Biomediztnische 35 hi^er-frequency range, weU above 4 Hz. Accordingly, 
Technik 20^ pp. 223-228 (1975), Funke described the *® effects of the latter movements, as well as noise 
use of a piezoelectric crystal embedded in silicone rub- disturbances, can be exchided by limiting detection to 
ber and implanted m the pleural space between lung and ^ low-frequency content 
ribstodetectrespiratoryiate,forcontrollmgthepacfaig By usmg die frequency band below 10 Hz (preferably 
rate of the patient U.S. Pat No. 4,428,380 described 40 l>elow£^proxiniatdy 4 Hz) and by establishing different 
usmg a piezoelectric sensor to measure cardiac activity. baseline values as ongoing leveb of cooqwrison, the 

Dahl may have been the first to disck>se, in U.S. Pat activity pacemaker disdoaed in the ^863 patent provkles 
No. 4,140,132, the technique of detectmg patient activ- ^ response and reliable padng at a variable rate 
ity with a mechanodectrical converter for the purpose adapted to the level of physical exertion of the patient, 
of controlling the rate of a cardiac pacemaker. InDahl's 45 closely corresponding to die heart rate of a normal 
system, a weighted cantilever arm comprising a piezo- healtiiy .person under the same coiulltions of physical 
dectric crystal is implanted in the patient, the patienfs exertion. Also, by usmg relative changes rather than 
movements cause the cantilever arm to vibrate, the absolute values of amplitude of the activity signal to 
tnp!f?hi|tiir>jil vibratioos are converted to an electrical adjust stimulation rate, rate increases are a function of 
output signal by the crystal, and the output signal is SO whether a particular baseline value is exceeded and of 
used as a drive signal for the variable rate pulse genera- the actual rate at that time, resulting in smaller rate 
tor of the pacemaker. Anderson descril^ a similar increases at the higher absolute rates, 
system m U.S. Pat No. 4,428,378 (the •*'378 patent"), ^ U.S. Pat No. 5,031,615 (the "*615 patent"), which 
. and used the amplitude of tiie high frequency content of is a continuation of the *863 patent, the applicant herein 
the converter output signal which was purported to 55 discloses an accderometer and related processing dr- 
increase with patient movement, as a bandpass signal to cuitry which are fabricated m hybrid semiconductor 
control the stimulation rate in an activity-responsive integrated circuit form. The accelerometer b designed 
cardiac pacemaker. in that, form as a microminiature mechanodectrical 

Devices such as activity or motion sensors have the converter or transducer of suttaMy low power con- 
distinct advantage that they provide virtually immedi- 60 sumption which, as a consequence of its own construc- 
ate response to patient movements or external forces to tion or of use of associated filter circuitry, provides low 
generate dectrical signals for use in controlling the pass filtering in a frequency band bdow 10 Hz and 
stimulation pulse rate of the implanted pacemaker. preferably bdow about 4 Hz. 
However, they have exhibited serious disadvantages. The '863 and '615 patents are incorporated herem in 
such as the adverse effect ofnoisedisturt»nces external 65 their entirety by reference. 

to the body, from nearby operating machinery, for ex- In a copending U.S. patent application Ser. Na 
ample, or emanating frcmi within the body, such as 07/863,093, hereinafter referred to as "093 application*^ 
coughing, sneezing, h&ugjnng, or the like. Such disturb- of the ^licant herdn, fikd on the same date as the 
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instant application and assigned to the same assignee, an one major side down) produces a + 1 g output, and In 
activity pacemaker is programmed to provide di£Perent the opposite aspect of horizontal orientation (the other 
response rates for different types, of physical activity of major side down) produces a — 1 g output, the device 
the patient such as walldng, running and btcyclmg» will operate as a position sensor. 

based on an algorithmic curve which represents the 5 The position sensor may now be used for two differ- \ 
desired and physiologically appropriate heart rates rela- ent functions. One function is to establish a base rate for 
tive to acceleration force. Each type of activity is repre- each of two or more different orientations of the sensor, 
sented either by a distinct and different portion of the and, thereby, for different positions of the patient in 
curve of heart rate versus acceleration force with a whom it is unplanted oorcespondmg to those sensor ^1 
transition rate between the different portions, or . by 10 orientations. For example, the base rate may be 70 beats 
separate curves which represent distinct and different per minute (bpm) for the standing or upright position 
ones ofthe activity types. In this way, the patienfs heart (to track a zero g output of the sensor with a vertical 
nde is adjusted to dlfiferent types of activity which, orientation), 60 bpm for the supine or redimng position 
although they may involve the same woddoad, can (fbr a +t goutput of the sensor witha horizontal orien- 
have different demands on the patient's cardiovascular IS tation in one aspect), and 65 bpn for the prostrate or 
system. prone position (for a — 1 g output of the sensor with a 

These advances and refinements in cardiac pacing horizontal orientation in the opposite aspect). The par- 
have brought about a sunple and effective device which ticular base rate is selected according to the normal 
is capable of tracking the patient's physical activity average rate for a healthy individual in that position, 
constituting true exercise and of controlling the pacing 20 and the suitalHlity to the particular patient These posi- 
rate of the implanted pacemaker to meet the physiology tional base rates are modified by caKbration for slight 
ical needs of the patient To date, however, no device deviations of die orientation of the sensor, and corre- 
has been suggested which is effective to accommodate spcmding deviations of the output, ^en the implant 
the needs of the pacemaker patient's cardiovascular patient is in those three positions. That is, the thorax 
system according to the patient's specific static phyacal 23 typically is somewhat inclined when the individual is 
position or posture of the patient (other than a single standing up or lying down, because the individual is not 
j^, resting rate), or a change from one such position to completely vertical or horizontal in those two positions. 
&iK)ther. In addition to the advantage that tiie pacing rate is 

It is a principal object of the pr^nt-in^^on to appropriate to each of several staUe positions of the 
provide apparatus and methods for^flStio^ffl^v con- 30 patient, a significant power saving is adtieved by reduc- 
trolling the stimulation rate of an actiV^r pacemaker so ing the pacing rate to a lower rate in a si^pme position at 
; / that the proper rate is generated in reqxmse to the par* night and because no cloc^ is required to establish these 
. ticular static physx^l position or posture of the patient, stable or static rates. The rate can be properiy adjusted 
\ such as standing, reclimng and lymg down, and m re- merely by analyzmg the sensor output 
; sponse to changes from one position to another. 35 One function of the activity sensor of the invention. 
When a healthy bdividual witii a nonnal cardiovas- th^ is to detect the patient^s position and adjust the 
cular system gets vp &om a lymjg or recUnmg position rate accordingly. The second function of the sensor in 
to a standing position, his or her heart rate increases. If its role as a position sensor accoidmg to the mvention is 
^ that change ofposition is followed immediately by some to mitiate a change in rate for a change m the patient's 
additional activity such as walking; the heart rate may 40 position. The most significant change would be from 
renuun at the devated level or, depending on the level the supine position, or firom the prone position, to the 
of the activity, increase further. But If the individual xxpn^ position. When that occurs, an elevated rate is 
simply continues to stand after having arisen, the heart triggered to, say, 85 bpm for a brief period to conq>en- 
rate more gradually decreases to the resting rate. And if sate for the i^ysiologk: drop in cardiac stn^e volume 
the individual then returns to and remains in a lying 45 of the patient in changing positions, followed by a grad- 
position, the heart rate will further decrease to the rest- ual decrease in the pacing rate to the base rate for the 
mg rate characteristic of that position. new positicm, here 70 bpm. This "overshoot" in rate 

It is therefore another important object of the present simulates the normal re^ionse of the heart in a healthy 
invention to provide an implantable activity-type pace- individual Some hystereas may be used for modifica- 
maker which detects different physical portions of the 50 tionof the rate in other instances of change of position, 
patient and responds by generating a padng rate which e.g., from a standing position to a supine position, or 
is physicdogically ^propriate for the specific position, from lying on the back to lying on the stomach, by 
: each position having its own associated stimulation rate, integration to produce gradual, changes, 
and by efifecting a transition in rates which is appropri- . Hence, it is a further object of the invention to pro- 
ate forjhech^ge from rae position to ^ 55 vide an. impiawta^^p cardiac pacemaker which is 
or hot furth»activity^CTSues.N adapted to sense and respond to a diange from a lying 

SUMMARY OF THE INVENTION ""J^ P*??L!2 ? P^^"* 

^ by tnggenng an abrupt and brief mcrease m the pa- 

' / Accon&ig to the invention, the aocelerometer or tient's heart rate followed by a gradual fallback to a 
other motion sensor of the activity pacemaker is conQg- 60 standing position base rate, and which is adi^ted to 
ured and calibrated to produce a static output which sense and respond to other changes m position of the 
depends upon the static i^ysical position or posture of patient to produce a gradual change of rate. 

, the patient in which the device is unplanted. If, for The capability of the activity sensor to act as a posi- 
example, the sensor is oriented vertk»lly when hn- tion sensor, and the further pro vision of rate control in 
planted (and therefore detects movement of the patient 65 the unplanted pacemaker to generate a responsive rate 
preferentially m a horizontal axis), and in that position suited to the stable or static position of die patient, does 
produces a zero g (i.e., unit of gravity) output, and in not affect the capability of the activity pacemaker to 
oot dspcct of horizontal orientation oS the sensor (i.e., respond to dynamic, changes which arise from true 



/ 
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physical exercise by the patient However^ the position the sensor location illustrated in the embodunent of 

sensing and rate control aspect may be used in exercise FIG. 1; 

pacemakers which employ other physiologic parame- FIG. 8 is a functional block diagram of the activity 

ters for detecting patient exercise, rather than the type (position) sensor operation for position sensing; and 

which employs an activity sensor for that purpose. 5 FIG. 9 is a flow diagram useful for describing the 

According to an important aspect of the invention, operation of the device in response to a sense signal 

apparatus for controlling the rate of a variable rate from the activity (position) sensor. 

implantable cardiac pacemaker responsive to a control 

; signal derived from an accderometer worn by a patient DESCRIPTION OF THE PREFERRED 
provkles improvements in prodndng a first signal hav- 10 EMBODIMENT AND METHOD 
ingavariaMe valne indicative of the extent and continu- Referring to FIG. 1, a programmable cardiac pace* 
ity of physbal exetdse by the patient* a seccmd signal maker 10 includes a hermetically sealed case 12 com- 
haviQg a set of discrete values indicative of different posed of biocompatible material, hi which the compo- 
physical positions of the patient during rest, and a third nents associated with ^e pulse generator are housed 
sig^ having vidues abruptly varymg between different The unplanted unitary medical device (other than the 
ones of the discrete values indicative of an instantaneous lead and associated electrode(s)) is commonly referred 
change by the patient from one physical position to to as the ''pulse generator", although present-day units 
another. These improvements reside in part in combin- typically include considerably more than a generator 
ing each signal prcxlucing means within a single electro- for producing stimulating pulses. In the exemplary em- 
mechanical convertmg element making up at least a ^ bodunent depicted in FIG. t, the overall pulse genera- 
portion of the accelerometer for sensing physical exer- tor includes a battery 18» a generator 19 having a con- 
cise physical positions and change in physioil positions troUably variable puke rate for generating the stimulat- 
of the patient The signal produced by each of these ing pulses to be delivered to the patienf8heart» a circuit 
means is part of the control signal. 20 for processing the ou^ut stgnal from a sensor 13» a 
In the preferred embodiment, the singile eiectrome- programmaUe nonvolatile semiconductor memory 21 
chanical converting dement is integrated in sificcm for storing the algorithmic curves and other data for 
material in an ekctronic circuit Rate response control programming the functions of the pacemaker, together 
algorithms are established of desired heart rate relative with logic circuitry 22 for use m performh^ the logic 
to the instantaneous value of the control signal for exer- ^ functions involved in controlling the operation of a rate 
cise» static physical positions and physical position control circuit 24 for pulse generator 19. A crystal con- 
change* for varying the rate of the pacemaker based on trolled timer 25 is utilized to control the tSmfag of the 
the control signal. The rate response control algorithm logic, rate control and puke generator, 
for physical position change has an overshoot of pacing The activity sensor 13 is preferably housed within but 
rate maintained for a predetermined period of time to 35 mechanically isolated from case 12, to avoid being af- 
compensate for a relative decrease in stroke volume for £ected by direct pressure on the case. Alternatively, the 
diange of physical positions by the patient from supine sensor may he housed in a separate, hermetically sealed 
to upright biocompatible case (also in mechanical isolation there- 

BRIEF DESCRIFnON OF THE DRAWINGS ^> implantetion^^^ unit 10, and dec- 

40 tncally connected to the control circmtry thereof by a 

The above and other objects^ aspects, features and separate lead, as ^own in FIG. 7, where like compo- 

attendant advantages of the present invention will be- nents are designated by like reference numbers. In the 

come fl|>parent from a consideration of the following pr^erred embodiment, sensor 13 comprises an acceler- 

detailed description of a presently preferred embodi- ometer of the piezoelectric, iHezocapacitive or piezore- 

ment and method thereof* taken in conjunction with the 45 sistive typ^ fabricated in hybrid semiconductor inte- 

accompanymg drawmgs, in whkh: grated circuit form as described m the '615 patent The ^ 

FIG. 1 is a simplified block diagram of an activity sensor may be constructed to eriidnt an inherent low ^ 

rate responsive caT d iac pacemaker according to the pass frequency response characteristic to pass signals in 

invention; the frequency band bdow 10 Hz, and preferably bdow 

FIG. 2 is a simplified top view of a portion of a hybrid 50 about 4 Hz. Alternatively, the output drcuit of the 

semiconductor device of the type described in the '615 sensor ntay be connected to a low pass filter in process- 

patent including a transducer which may be used as an ing circuit 20. Such filtering significantly improves 

activity sensor or accelerometer ui or in conjunction discrimination of the signal components representative 

with the pulse generator portion of the pacemaker of of true physical eaoercise by the patient and other signal 

FIG. 1, in the preferred embodiment <d the present 55 components which are unrelated to physical exercise, as 

invention; de^ed in the *6 15 patent and the '863 patent 

FIG. 3 is a partial front view of a patient showing the The output drcuit of generator 19 is coupled to an 

orientation of the implanted accelerometer; electrical connector 14 in the form of a conventional 

FIG. 4 is a chart lowing the sensor output for vari- header on the device case H, which accepts the prozi- 

ous physical positions of the patient; mal end of a pacing lead 15 having a stimulating elec- 

FIG. 5 is a graph illustrating the smoothing or aver- trode or electrode array 16 at its distal end. Pacing lead 

aging of the pacing rate as it is varied during a change 15 is typically of the endocardial type for insertion of 

of positions by the patient; the stimulating electrode through the superior vena 

FIG. 6 is a graph illustrating the particular pattern of cava and into the preselected chamber(s) of the right 

a variation of the pacmg rate for a change from a lying 65 ade of the patient's heart for excitation (and jwnging of 

position to a standing portion by the patient; dectrical activity) of the myocardial tissue. The pace- 

FIG. 7 is a block diagram of an alternative arrange- maker may be configured for unipolar or b4)olar stimu- 

ment for the activity (position) sensor relative to lation. 



03/18/2003, EAST Version: 1.03.0002 



/ 



5,354,317 

7 8 

FIG. 2 is a top view of an exemplary embodiment of desire here is to establish this aspect of the rate control 
a mechanodectrical transducer which may be used as of the pulse generator according to static physical pod- 
\. the activity/position sensor in a pacemaker according tion of the patient, in a manner and at a value, level or 
A to the invention* but this is an iUustrative example only magnitude which most closely approximates the actual 
and not intended to be limiting. The reader is referred to 5 heart rate of a healthy person with a normal cardiovas- 
the '615 patent for additional details of the transducer. cular system who has assumed that position, and, fur- 
For present purposes, it is sufficient to note that the ther, at a rate which is appropriate for the patient in 
transducer may be a piezoelectric, piezoresistive or questicm. 

piezocapacidve sensor of semiconductor type, and inte- Sensor 13 is used, in the pacemaker accoiding to the 
grated in a hybrid circuit on a silicon chip by use of 10 present invention» as a position sensor whidi performs 
conventional semiconductor, process technology. As a twodi£krentfim(kions.Thefirstof these two functions 
consequence of its construction, the sensor constitutes a is the estabfishmeot of a distinct and different base rate 
nuniatorized accderometer integrated within a semi- for each distinct and different static physical position of 
conducted device. the patient, to the extent that it is desirable to do so and 

in its preferred form, sensor 31 is integrated in a 13. within the distinguishing capabilities of the device, 
hybrid circuit with a signal filter circuit to provide the Since it is well established that a healthy subject does 
desired frequency pass band. Alternatively, however, experioice different heart rates for different static posi- 
the transducer itself may be fabricated in geometrical tions, most notably the standing, supine or reclining, 
configuration to provide the desired low pass frequency and prone positions, it is s ufficient to J iroit the sensing 
characteristic. The structure is formed on a single crys- 20 and rate resp onse to the latter positi^S^TfiS^^3fBf ' 
tal silicon substrate having a major surface with an ^ifie^s^So^^f 'course, d^>ends i^oii^it^ actual orienta- 
overlying highly doped epitaxial layer of the same con- tion relative to the vertical or horizontal If the sensor is 
ductivity type. The principal sensing element, in this implanted, whether in the pulse generator case or its 
example a rectangular plate 37 with four arms 38 own case, with a vertical orientation when the patient is 
formed within a pdycrystalline alicon layer between 23 standing and with its major surfaces (opposite sides of 
passivating layers of silicon dioxide atop the epitaxial the rectangular plate) having , the aspects of the front 
layer, is adapted to produce an electrical output (in and back of the patient, it may and usually would be 
millivolts, calibrated in units of accelerational force, or inclined slightly from the vertical (or the horizontal) by 
g's) from the drcutt in which it is integrated, when it the incline of the thorax, because the individual is not 
vibrates in response to movement by the patient in 30 completely vertical in the upright position (nor com- 
which the device is implanted. The suspended plate pletdy horizontal in the supine oar the prone positions), 
structure is fabricated by anisotropic etching of the Thus, the orientation of the sensor for different posi- 
snbstrate and epitaxial layer to form a well or cavity 36 tions of the patient will produce different outputs Qn 
beneath a portion of the polycrystalline layer, followed . g's) which may be calibnUed to provide unique pacmg 
by removal of portions of the passivating and polycry^- 35 rates, but, again, the process b quite usefbl for only two 
taHine layers to leave plate 37 connected by the four or three commonly «Mnin#»^ static positions of ^ pa- 
arms 38 to the comers of the well. An additional layer tient In any event, the calibration should be done after 
39 deposited on tiie structure with an opening contigu- the sensor is implanted, because of the typical indina- 
ous with the perimeter of well 36 allows the {date to tion of the sensor orientation relative to the vertical or 
undergo movement on its aims, and a protective layer 40 horizontal planes. 

such as a glass plate is deposited on the structure. In a more advanced version, the pacemaker may be 

The sUH>ended plate structure b responsive to earth implemented to perform an autocalibraticm. This may 
gravity and to accderation, and an integrated circuit be established by recognizing the static acceleration 
fiabricated in the semiconductor/hybrid structure by force of the upright position of the individual, and the 
known techniques serves to process the signal gener- 45 dynamic signal variations associated with physical exer> 
ated by movement of the plate on its arms. By calibrat- cise in (and only in) the upright position, such as by 

' ing tiie electrical output of tfab circuit, tilie orientation of walking or bicycling for example. Such autocalibration 

' the sensor itself may be determined at least to an extent b performed by the circuitry in the pacemaker 10, in- 
suitable for purposes of the present invention, so that it duding the processing circuit 20, memory 21 and logic 
may be \itilized as a position sensor for detecting the 50 circuit 22 (FIG. 1), in coi^unction with the sensor 13 

,>^static or stable Q.e., ncMi-moving) position of the patient, and its orientation when the patient b in the upright 
as well as an activity sensor responsive to the dynamic position. In thb way, the calibrati(m b based on the 
movements ofthe patient In the preferred embodiment, orientation of the transducer when implanted in die 

X the calibration produces a static output of + 1 g ari^g patient, and b perfcHrmed automatically by the pace- 
from the stress on the plate/arms structure when the 55 maker. 

I patient b lying on hb back 0«e., in the s^ine position). For performing the base rate function, a ^ple algo- 
and a static output of — 1 g when the patient b lying on rithm or logic function may be performed within pulse 
hb stomach O-c, in the prone positionX foi* a vertical generator 10 on the sensor 13 output to establbh: (1) if 
orientation of the implanted sensor 13 when the patient Og, rate b TObpm; (2) if > 1 g, rate b 65 bpm; (3) if +1 
42b8tandingG.e., in the upright position), where aOg 60 g, rate b 60 bpuLTItis may be done in circuits 20 and/or 
static output b established, as shown m FIOS. 3 and'4 22 whidi, however, are used principally for processing 
and in functional form in FIG. 8. activity signals, such as those and in the manner de- 

y The sensor output signal b processed to provide a scribed in the aforementioned copending docket 133 
/ separate padng rate Oieait rate) which b unique to each application. 

re^ective kientified static position of the patient By 65 The second function ofthe sensor in the pacemaker 
way of example, a rate of 60 bpm may be selected for of the present invention b to detect and respond or 
the supine position, a rate of 65 bpm for the prone posi- produce a response to a change by the patient from one 
tion. and a rate of 70 bpm for the standing position. The static phydcal position to another, which will be de- 
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scribed with reference to FIGS. 5 and 6. In the process 
of changing from one static position to another, of 
course, there is movement which is detected as patient 
activity by-|^;;^^rzrIt»is«iraportant^:^j]nderstand, 
however> Jhat even in the absenc^of ac^^? lthe pulse 5 
generator is essentially prc^rammed to dehver a pacing 
rate based on the particular physical position of the 
patient, assuming that a ^)ecific rate has been estab- 
lished for that position, or, if not, a predetermined rest- 
ing rate. If the patient is in the supine po^on, the rate, 10 
in this example* is 60 bpm. If the patient then moves in 
alow deliberate fiishton to a prone position, the process- 
iilg dicnit 20 performs an integration or averaging 
function to smooth the tretnsition from 60 bpm to the 65 
bpm set foi: the patient when lying on ins stomach. 15 
llius, the sensor on^ut is analyzed and hysteresis is 
used for smoothing or averaging the modification of the 
rate, as shown m the simplified graph of FIG. 5. If the 
patient were to lie down from a standing position into 
the supine poation, the rate is adjusted gradually from 20 
70 to 60 bpm by the processing circuitry in conjunction 
with the rate control circuitry of the p^ilse generator. 

Assume further, that the patient changes from the 
supine position (or from the prone position) to the up- 
right position. For that event, the overall circuit which 25 
governs rate control is programmed to produce a spike 
refuse to abruptly elevate the heart rate to, say» 85 
bpm to compensate for the physiologic drop in cardiac 
stroke volume of the patient in at^AnHmg up, and to then 
gradually decrease the rate to 70 bpm which is the 30 
established base rate for the standing position. This is 
illustrated in the shnplified graph of FIG. 6. The over- 
shoot in rate corresponds to the normal response of the 
heart of a healthy individual undergoing the same 
movement Operation of the pacemaker in this respect is 35 
performed according to a dedskm rule by which recog- 
nition is made of the sensor output signal as this change 
of position from supine to upright is made by the pa- 
tient, and which distinguishes this output signal from 
other forms of activity. 40 

In the prefencd enibodunen^ the abrupt mcrease 
from 60 to 85 bpm vn tiiese circumstaiices is accom- 
plished in five seconds* while the gradual decrease to 70 
bpm thereafter takes about two minutes. This algorithm 
prevents the patienfs blood pressure from droning 45 
when he stands up (a abnilar algorithm may be used for 
a change in position from a reclining seated position to 
a standing position), and provides a physiological fall- 
back to the proper rate absent other activity by the 
patient 50 

The overall operating method or algorithm of the 
device is illustrated in the flow diagram of FIG. 9. The 
pacing rate for the patient's physical position is deter- 
mined from the sense signal output of the position sen- 
sor* and the transition from one position-based rate to 55 
another also takes account of recent status mcluding 
any change in the patient's position. 

It will be appredated from the foregoing description . 
of the invention and its various aspects and features, 
that inq>]antable medical devices for exercising selec- 60 
tive cardiac control are provkied which are capable ai 
senshig the position and change of position <tf the pa- 
tient and of responding with a pacing rate or varymg 
(transitioning) rate vMch is appropriate for tiiat posi- 
ticm or change. It is worth emphasizhig that an accder- 65 
ometer having a different d^ign from that described 
herem may. be used, more than a smgle activity sensor 
may be used, and that the same or other activity sensors 
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may be used to detect exercise by the patient and to 
produce an appropriate response thereto. Additionally, 
the position sensor of the present invention may be used 
in so-^^;j^erfEsponsivc orjrat^^Mtive pacemakers 
wMcfe^dg not rdy^on^a ctivity se^m| ^but rather on 
other, intnnsic p^nologicpaiameterstsuch as blood 
temperature, oxygen saturation, respiration, minute 
ventilation, etc.) to detect patient exercise. 

It b significant that a single, electromechanical con- 
vertu^ dement of the accderometer senses each of 
physical exercise, physical position and change in physi- 
cal positions of the patient The signal produced by the 
combined elements is part of the control signal used for 
controlling the rate of the implantable pacemaker. 

Thus, although a preferred embodiment and method 
have been disdosed herein, it will be apparent to those 
skilled in the art from a consideration of the foregoing 
description that variations and modifications may be 
made without departing from the true spirit and scope 
of the invention. Accordingly, it is intended that tiie 
invention shall be limited only to the extent required by 
the appended claims and the rules and principles of 
applicable law. 

What is claimed is: 

1. A cardiac padng device adapted to be implanted in 
a patient and to have a variable pacing rate adaptive to 
patient exerdse, comprising: 

sensor means adapted to respond to a plurality of 
preselected distinct and different static physical 
positi<»is of the patient for producing electrical 
output signals uniqudy representative of the dis- 
tinct and different physical positions, 

pulse generator means respoi^ve to each said 
uniqudy representative dectricd output ^gnd 
produced by said sensor means for generating pac- 
ing pulses at a rate which is diSerent from the rates 
generated in response to each of the other uniqudy 
representative dectrical ou^ut signals produced 
by said sensor means, so that each presdected dis- 
tinct, and different phydcd position among said 
idmafity of preselected distinct and difierent static 
physical positions of the patient has its own repie- 
sentative pacing pulse rate, to stfanulate tibe pa- 
tient's hearts said pulse generator means inchiding 
transttkmu^ means responsive to a change from a 
statk: physical positk>n of lying to a static physical 
position of standing for abnq>tly mcreasmg the rate 
to a value exceeding the rate representative of 
standing and for thereafter gradually reducing the 
rate to the rate representative of standing. 

2. The cardiac pacing device of daim 1 wherein: 
said sensor means comprises an accderometer. 

3. The cardiac pacing device of claim 2, further in- 
cluding: 

a case in which said pulse generator means is housed, 
and means for mechanically isolating the accder- 
ometer frx)m the case to render it unresponsive to 
pressure <»i the case. 

4. The cardiac padng device of daim 2, further in- 
duding: 

a case in which said pulse generator means is housed, 
and 

a second case in which said accelerometer is housed 
m mechanical isolation for hnplantotion in the pa- 
tient s^arafiely from the case for said pulse genera- 
tes Tp^ n i'F 

5. The cardiac pacing device of daim 2, wherdn: 
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said accderometer comprises a hybrid semiconductor 
structure. 

6. The cardiac pacing device of claim 5, wherein: 
said accderometer comprises a composition sdected 

from the group conststtng of piezodectric 3 
piezoc£q>acitive and piezoresistive material 

7. The cardiac pacing device of claim 2, wherein: 
said sensor means includes a silicon integrated circuit 

containing said accderometer. 

8. The cardiac pacing device of claim 1, wherein: 10 
said transitioDing means includes hysteresis means 

responsive to a change, in the patienf s physical 
position from standing to another, static physical 
position for smoothly varyh^ the rate from the 
rate representative of standing to the rate lepresen- IS 
tative of said another static physical position. 

9. A method of providing an implantable cardiac 
pacemaker sensitive to certain presdected rdativdy 
static physical positions of the patient in whom the 
pacemaker is in^lanted» which comprises: 20 

providing a mechanodectrical transducer which pro- 
duces a plurality of distinct and different electrical 
outputs in response to and respectively uniqudy 
representative of a plurality of distinct and (Affer- 
ent static orientations of the transducer rdative to 25 
a horizontd plane, 

providing a programmable pulse generator for im- 
plantation with and electrical connection to the 
transducer so that each of the distinct and different 
dectrical outputs of the transducer representative 30 
of distinct and different static orientations of the 
transducer causes the pulse generator to generate 
pacing pulses at different rates uniqudy corre- 
sponding to the different dectrical outputs of the 
transducer and, thereby, to the different orienta- 33 
tions of the transducer, 

calibrating the different rates for the different dectri- 
cal outputs to correspond to a desired heart rate for 
each presdected static phystcd position of the 
implant patient, based on the orientation of the 40 
transducer ^en implanted in the patient, so that 
the rate at which pacing pulses are generated de- 
pends at least in part on the patient's static physical 
position and a diange hi pacing pulse rate occoxs 
when the patieiit chaoges from one physical posir 45 
tion to another dictating a different rate, and 

implementing the pacemaker to perform an algorithm* 
to recognize the electrical output produced by the 
transducer when the patient changes position from 
supine to upright as distinguished from other forms 50 
of activity of the patient, and to respond when such 



recognition occurs to abruptiy increase the rate to 
a levd above the normal rate for the upright posi- 
tion with a gradual return to said normal rate, to 
compensate for the physiologic drop in cardiac 
stroke volume of the patient in such change of 
positions. 

10. The method of claim 9, including implementing 
the pacemaker for automatically performmg the step of 
calibrating. 

11. A method of controlling the pacmg rate of an 
hnplantable cardiac pacemaker based in part on a plu- 
rality of presdected rdativdy static physical positions 
of a patient in which the paconaker is implanted, com- 
prismg the pacemaker-implemented st^ of: 

sensing each of a plurality of preselected distinct and 
different static physical positions of the patient, 

devdoping a plurahty of distinct and different dectri- 
cal signals having a one-to-one correspondence to 
the sensed plurality of preselected distinct and 
different static phydcd positions of the patient, 

separately employing each of said plurality of distinct 
and different dectrical signals as a pacing rate con* 
trol signd .for the pacemaker accordmg to the 
sensed static physical positicms of the patient at 
different pcunts in time, and 

automatically calibrating the pacemaker to generate 
different pacing rates for each of said different 
dectrical signals employed as a pacing rate control 
signal to provide a desired heart rate for each pre- 
sdected static physicd position of the patient as the 
patient assumes eadi of the presdected static physi- 
cd positions. 

12. The method of claim 11, further induding: 
sensmg a change m physicd position of the patient 

from a supine position to an upright position, and 
abruptiy increasing the pachig rate to a levd above a 
predetermined normd pachig rate for the u^Might 
position and gradually returning to said normd 
rate, to compensate for the physiologic drop in 
cardiac stroke volume of the patient in said change 
m physicd position from the sninne position to the 
upright positian. 

13. The method of daim I, further induding: 
sensing a change m physical positkm of the patient 

from one to another of sdd presdected static physi- 
cd positions, and 
smoothly transitioning the pacing rate of the pace- 
maker from the rate calibrated for said one position 
to the rate calibrated for said another position. 
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